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Animal Cell Culture Media 
Comprising Non-Animal or Plant-Derived Nutrients 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to cell culture medium 
formulations. Specifically, the present invention provides cell culture medium 
formulations which comprise one or more non-animal derived peptides and more 
specifically one or more plant peptides for facilitating the in vitro cultivation of 
animal cells. The present invention also relates to media formulations which 
comprise one or more non-animal derived lipids and/or fatty acids, and more 
specifically one or more plant lipids and/or fatty acids for cultivation of animal 
cells in vitro. The formulations of the invention may also comprise one or more 
of such non-animal or plant peptides and one or more of such non-animal or plant 
lipids and/or fatty acids. In accordance with the invention, such non-animal or 
plant-derived peptides and non-animal or plant-derived lipids and/or fatty acids 
may be used as substitutes for one or more animal-derived culture media 
components. The invention also provides methods for cuhivating animal cells 
using these non-animal or plant nutrient-based culture media. The media of the 
present invention arc particularly suited for virus production in animal cells. 

Related Art 

Cell Culture Media 
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Cell culture media provide the nuirienu; necessary to malncain and grow cells in a controlled, 
aniflcial and in vitro environment. The characteristics and compositions of tlie cell culture media 
vaiy depending on the paiticular cellular requirements. Important parameters include osmolartty, 
pU, and nutrient formulations. 
5 Media formulations have been wu:d lo cultivate a number of cell types including animal, 

plant and bacterial cells. Cells cultivatixi in culture media catabollze available nutrients and produce 
usefisl biological substoneefi such as monoclonal antibodies, hormones, growth factors; and the like. 
Sudi products have therapeutic applications and, with the advent of recooabinaht DNA technology, 
ceUs can be engineered to produce large quantities of these producte. Cultured ceils arc also 
10 routinely used for the isolation, identiflcalion and growth of viruses. Thus, the ability to culdvate 
cells in vitro is not only important for the study of cell physiology, but is also necessary for the 
production of useful substances which may not otherwise be obtained by cost-effective means. 

Cell ctilturo media formulation!; are well documented in the literature, and a ntunber of media 
are commercially available. In early cell culture work, media formulations were based on the 
IS chemical composition and physicochcinical properties {cf;.^ osmolality, pH, etc.) of blood and were 
referred to as "plxysiulogicul solutions" (Ringer, S,, J. Physiol i:380-393 (1880); Waymouth, C, In; 
Cells and Tissues in Culture, Vol. 1, Academic Press, London, pp. 99-142 (1965);Waymouth, C*, In 
Vitro (?: 109-127 (1970)). However, cells in different tissues oF the mammalian body are exposed to 
different microcnvirunments with respect to oxygen/carbon dioxide partial pressure and 
20 conccntratiotu; of nutrients, vitamins, and trace elements. Accordingly, successful in vitro culture of 
different cell types often require the use of different media formulations. Typical components of cell 
culture media include amino acids, organic and inorganic salts, vitamins, trace metals, sugars, lipids 
and nucleic acids, the types and amounts of which may vary depending upon the pardeular 
requirements of a given cell or tissue type. 
25 Typically, cell culture media formulations are supplemented with , a range of additives, 

including undeflned components such as fetal bovine scrum (FBS) (10-20% v/v) or extracts £rum 
animal embryos, organs or glands (0^-10% v/v). While FBS is the most commonly applied 
supplement in animal cell culture media, other serum sources are also routinely used, including 
newborn calf» horse and human. These types of chemically undefined supplements serve scvcial 
30 useful functions in cell culture media (Lambert, K. J. et ai. In: Ammal Cell Blotechm^lejgy^ Vol. 1, 
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Spier, R. E. et al., Eds,, Academic Pn&ss New York, pp. 85-122 (198S)). For cxampie. these 
supplements provide carriers; or chelaton; for labile or water-insoluble nutrients; bind and neutralize 
toxic moieties; provide hormones and growth faclun;, protease inhibitors and cjwential, oficm 
unidentified or undetintsd low molecular weight nutrients; amd protect cells from physical stress and 
> . damage. . Thus, serum and/or animal extracts are commonly used as relatively low-cost supplements 
to provide an opdmal culture medium Tor the cultivation of animal cells. 

Unfortunately, the use of senun or anhnal ^tiact^ in tissue culture applications has several 
drawbacks (Lambext« K. J. et aL^ In: Animal Cell Biotechnology^ Vol. !• Spier, IL E. e/ aU Eds.» 
Academic Press New York, pp. 85-122 (1985)). For example, tbe chcmical composition of these 
3 supplements may vary between lots, even from tt single manufacturer. The supplements of animal or 
huiitan origin may also be contaminated with infectious agents (c.^'., mycoplasma and viruses) which 
can seriously undermine the health of the cultured cells when those contaminated supplements are 
used in cell culture media formulations and may additionally pose a health risk in cell therapy and 
other clinical applications. A major fear is tlio presence of prions causing spongifomi 
S encephalopathy in htmians or animals. Ceil surface chemistry, which is a critical portion of the in 
vitro microcnvironment for many cell types, can be advcnwly modified via adsorption or 
incorporation of scrum or extract proteins, llie use of undefined components such as semm or 
animal extracts also prevents the tnie definition and elucidation of the nutritional and hormonal 
requirements of the cultured cells, thus eliminating the ability to study, in a controlled way, the effect 
>0 of specific growth factors or nutrients on cell growth and differentiation in culturi:. Moreover, 
undefined supplements prevent the researcher from studying aberrant growth and differentiation and 
the disease-related changes in cultured cells. In the industrial production of biological substances, 
scrum and animal extract supplementation of culture media can also complicate and increase the 
costs of pturtfication of the desired substances from the culture media due to nonspecific co- 
25 purificalion of serum or extract protoias* 

Serum^Free Media 

To overcome the drawbacks of the use of serum or animal extracts, a ntunber of scrum-ftcc 
media have been developed, lliese media, which often are specifically formulotod to support the 
culture of a single cell type, incorporate defmed quantities of purified growth factors, lipoprotcms 
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and other proteins usually provided by the scmiu or extract supplement. Since the components (and 
conccntratioas thcreoO iu such culture media are precisely known, these media are generally referred 
to as "defined culture media" and often 21s -serum-free media" or •*SFM." A number of SFM 
formulations are commercially availcdsle, such as those designed to support the culuuc of endothelial 
colls, keratinocytcs, monocytes/macrophages, fibroblasu. neurons, lymphocytes, cbondrocytcK or 
hepatncytes which arc avaikible from Life Technologies, Inc. (Rockvillu, MD). 

SFM generally provide several distinct advantages to the user. For example, the use of SFM 
facilitates the investigation of the elTecte of a specific growth factor or otlicr medium component on 
cellular physiology, which may be masked when the cells are cultivated in serum- or extract- 
containing media. In addition, SFM ^ioally contain much lower quantities of protein (SFM are 
often called *1ow protein media") than those containing serum or extracts, rendering purification of 
biological substances produced by cells cultured in SFM fur simpler and more cost-effective. 

Some extremely simple SFM, which consist essentially of vitamins, amino acids, organic and 
inorganic salis and buffers have been used for cell culture. Such media (often called "basal media"), 
however, arc usually seriously deficient in the nuuitional content required by most animal cells. 
Accordingly, most SFM incorporate additional components into the basal media to make the media 
more nutritionally complex, while maintaining the serum-free and low protein content of the media. 
Examples of such components include semm albumin from bovine (BSA) or human (HSA). animal- 
dchvcd lipids such as human Excytc. sterols, etc., and certain growth factors or hormones derived 
from natiural (animal) or recombinant sources. 

The use nf such animal-derived supplements in cell culture media, however, also has certain 
drawbacks. For example, there is a risk that the culture medium and/or products purified from it may 
be immunogenic, particularly if the supplements are derived from an animal different from the 
source of the cells to be cultured. Thus, if biulo^cal substances to bo used as therapeutics are 
purified from such culturu media, certain amounts of these immunogenic proteins or peptides may be 
co-purified and may induce an iiiununologlcal reacdon, including an^hylaxis, in an animal 
receiving such tiierapcutics. 

To overcome thL<s poiendal problem, supplements derived from the same species as the cells 
to be cultured may be used. For example, culture of human cells may be facilitated usmg HSA as a 
supplement, while media for the culture of bovine cclk would iastead use BSA. Tills approach. 
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however, runs iho risks of introducing contaminants and adventitious pathogens into the teltiuo 
medium (such as lUV or Hepatitis B virus from HSA preparations, or Bovine Spongiform 
Encephalopathy virus from BSA preparations), which con obviously negatively impact the use of 
such media in the preparation of animal and human therapeutics, in fact, for safety reasons* the 
5 biotechnology industry and government agencies are increasingly regulating, discouraging and even 
forbidding the use of cell cuicuie media containing animal-derived prpdixcls which may contain such 
patliogens. 

Non^animat Peptide Supplements 

To overcome the limitations of the use of animal proteins in SFM, several attempts have been 
0 made to make animal cell culture nicsdia that are completely free of animal proteins. For example, 
some culture media have incorporated extracts of yeast cells into the basal medium (see^ for 
example, British Patent Application No. GB 901673; Kcay, BiotcchnoL Bioengiiu /7:74S-764 
(1975)) to provide sources of nitrogen and other essential nutrients. In another approach, 
hydrolysates of wheat gluten have been used, with or without the addition of yeast extract, to 
IS promote in vitro growth of animal cells (Japanese Patent Application No. JP 2-49S79). Still other 
media have been developed in which serum is replaced by enzymatic digests of meat, or of protpiiis 
such ns a-lactalbumin or casein (e.^f., peptone), which have been traditionally used In bacterial 
culmre (Lusfargues. E.Y., ct aL, In Vitro 8{6)A'9A-5m (1973); Keay, L., BiotectmoL Bioeng. 17:745- 
764 (1975); Keay, L., BiotcchnoL Bioeng. iP:399^ll (1977); Schlagcr, E..J„ /. Iiimunol Metk 
10 79^:191-199 (1996)). None of these approaches, however, provide an optimal culture medium for 
the cultivation of a variety of animal cells. In fact, the use of wheat peptides is likely to be quite 
unfavorable for the culture of many nnimnl cells and tissues, since wheat peptides are known to bo 
toxic or to induce toxic effects in vitrfj and in vivo, particularly in the cells and tissues of the 
gastrointestinal systems of some manunals, including humans (Strober, W., er al., Ann. Inu Med 
i5 M:242.256 (1975); Auricchio, S., ct «/„ Pcdiatr. Res. 22(tf;:703-707 (1987)). Moreover, cxtiacis 
from certain plants, including wheat, barley, rye and oats have been shown to mhibit protein 
synthesis in cell-free systems derived from animal cells (Coleman, W.H., and Roberts, W.K., 
Hiochinu Biophys. Acta 595:239*244 (1982)). suggesting that the use of peptides derived bom these 
plants in cell culture media may actually inhibit, rather than stunulaie, the growth of aninuil cells in 
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Thus, there is still a need for a scrum-froc. low-pmtcin culture medium suitable for 
culUvaiion of animal ceUs, which is cuiiiplelejy devoid of animal or human proteln5;. Such a medium 
formulation will facilitate the study of the effects of growth factors and other stimuU on cellular 
physiology, will aUow easier and more cost-cffecdvo purification of biological substances produced 
by culUired animal cells in the biotechnology indasliy. and most importandy, will cUminate the risk 
of introduction of advcnUUoas animal and human padiogens. The present invention provides such 
an animal cell culture medium formulation. 

BRIEF SUMMARY OF THE INVENTION 

Tlie present invcndon provides cuUuie media formulations comprising non-aiiimal or plant 
pqitides that support the culture of anunal cells, preferably a5s a primary protein source. Specifically, 
the invention provides a cell culture medium capable of supporting the cullivadon of an animal cell 
in vitro, wherein tlic medium comprises at least one plant peptide which is not derived from wheat 
and which is most pmferably derived from rice. In anoOicr aspect, the media formulations of the 
invention comprise at least one non-animal or plant lipid and/or fatty acid. In yet another aspect, the 
media formulations of the invention comprise at least one non-animal or plant peptide and at least" 
one non-aniinal or plant lipid and/or fatty acid. The invention also provides such media formulations 
whith further comprise an enzymatic digest or extract of yeast cells. 

The invention also provides a cell culture medium, capable of supporting the cultivadon of an 
anunal cell in vitro, comprising an extract of yeast cells, wherein the medium docs not futtlier 
comprise a wheat-derived plant pepdde. 

The media of the present invenlit>n may be IX formulations, or may be concenlrated as lOX- 
lOOX, most prcfcmbly as lOX, 20X, 25X, SOX or lOOX formulations. Tlie basal medium of the 
present invention comprises a number of ingredients, including amino acids, vitamins, organic and 
inorganic salts, sugars, each ingredient being present in an amount which supports the cultivation of 
an animal cell in vitro. 

The medium of the invention may be used to culture a variety of animal cells, including 
insect cclLs (such as from the Spodoptera or Trichupluxa species), avian cells and mammalian cells 
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(including primary ccILs. established cell lines. CHO cells;, COS ccUs, VERO cells, BHK cells and 
human cells). The preseut invention also provides methods of culturing animal and human cells 
using the culture medium formulations disclosed heiein, comprising Uie steps of (a) contacting an 
animal ccU with the cell culture medium or the piescnt invention; and (b) culdvating the animal ccU 
under conditinns suitable to support in vitro cultivation. 

The present invention also leiates to meUiods for replacmg or substituting animal-derived 
prociucts with non-animal or plant-dcrived peptides, non^mal or plant lipids/fatty acids (or 
combinations tiioreof). and/or enzymatic digests or extracts of yeast cells. Such nou^mal/plant- 
derivcd products may be substitotcd for any number of ammal^erived products, including but not 
limited to blood-derived produce (e-g., seram, albumin, antibodies, fibrinogen, factor VIH.. eta), 
tissue or organ extracts and/or hydrolysates (c/r-. bovine pimiuuy extract (BPE), bovine brain 
extract, chick embryo extract and bovine embryo cxuact), and animal-derived lipids and fatty acids, 
peptones, Excyte, sterols (e.g., cholesterol) and lipoproteins (e.g., high-density and low-density 
lipoproteins (HDLs andLDIwS, respectively)). 

The invention further provides compositions comprising the culttire media of tfie present 
invention and an animal cell, including any of the aninud cells described herein. 

Otixcr preferred embodiments of the present invention will be apparent to one of ordmaty 
skill in the art in view of tiie following drawings and description of the invention. 

BRIEF DESCRIPTrON OF THE FIGURES 
Figure 1 shows die effect of Plant Powder on the growth of Hybridoma P1F6. 
Mgurc 2 shows the effect of Plant Powder on IgO production in Hybridoma PIF6. 
Figure 3 show.s the effect of Plant Powder on specific productivity of Hybridoma P1F6. 
DETAILED DESCRTFriON OFTHE INVE>rnON 

Definitions 



In the following description, a number of terms conventionally used in tiio field of cell culture 
media are utiUzed extensively. In order to provide a clear and consistent understanding of the 
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spcclflcaiion and claims and the ficope to be given such lenns, the following deflnitions are provided 
**Culturc" or "cell culture" refers to the maintenance of cells in on artiRcial, in vitro 
environment. It is to be understood, however* that the term ''cell culture" is a gcuciic term and may 
be used to encompass the cultivation not only of individual cells, but also of tissues, organs, organ 
systems or whole organisms, for which the terms ^tissue culture," "organ cuiiuic/' "organ ^tem 
culLuru** or ''organotypic culoue" xaxg occasionally he used interchangeably with the term 'Veil 
culture/* 

Tbo phrases "cell culture medium/* "culture medium" (plural '"media" in each case) and 
"medium formulation" refer to a nutritive solution for culiivating cells and may be used 
intcichangeably. 

The term "'cultivation** refens to the maintenance of cells in vitro under conditions favoring 
growth, differentiation or continued viability, in an active or quiescent state, of the cells. In this 
sense, "cultivation" may be used interchangeably with "cell culture" or any of its synonyms 
described above. 

The term "culture vessel" refers to a gloss, plastic, or metal container that can provide an 
aseptic environment for culturing cells. 

The term "contacting" refers to the placing of cells to be cultivated in vitro into a culture 
vessel with the medium in which the cells are to be cultivated. The term "contacting" encompasses 
mixing cells with medium, pipetting medium onto cells in a culture vessel, and submerging cells in 
culture medium. 

The term "combining" refers to the mixing or admixing of ingredients in a cell culture 
medium formulation. 

The term "cytokine" refers to a compound that induces a physiological response in a cell, 
such as growth, differentiation, senescence, apopiasis, cytotoxicity or antibody secretion. Included 
in this definition of "cytokine" are growth factors, interleukins, colony-stimulating factors, 
interferoxiK and lymphoksnes. 

The term "enzymatic digest" refers to a composition comprismg a specialised type of extract* 
namely one prepared by treating the substance to he extracted (e.gM plant components or yeast cells) 
with at least one enzyme capable of breaking down the components of tlie substance into sunpler 
fonns (e.g., into a preparation comprising mono- or disaccharidcs and/or mono-, di- or tripeptides). 
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m .his context, and for pu^^o^es of ih. pt^cnt invention, the term "hydn^lysate" may be med 
interchangeably with the tenn "enzymatic digest." 

The letm "caUract" refers to a composition comprising a concentmtcd preparation of the 
components of a substance. typicaUy fonncd by t«atment of the substance cither mechanically (eg 
by pressure treatment) or chemically (e.^.. by disHllation. precipitation. enzymaUc action or hifih sali 
tttatmeut). 

The term "lipid" refers genenOly to watcr-insoluWe organic molecules that can he extracted 
fit«a ecus and tissues by nonpolar solvents. Upids me generally classified as complex lipids (which 
ceatam fatty acids) or simple Upids (which do not conlatn fetty adds). Tho complex lipids include 
acylglycerols, phosphoglyceridcs. sphlngolipids and waxes. The simple lipids include tcrpcncs 
stemids and prostaglandins. Tcrpenas include compounds such as genmiol. limonene. menthol.' 
pinene. camphor and carvone. Steroids include the subgroup "sieiols," which are steroid idcobob 
containing a hydroxyl group and a bnmched aliphatic chain of eight or more carbon atoms. Sec 
generally, Lchningcr. Albert L.. Biochemistry, Worth Publishers. Jnc New Yoxk. pp. 279-306 
(1S)75), which is herein incorporated by tefoencc. 

The term "ineredienf refers to any compound, whether of chemical or biological origin, that 
can be used in cell culture mfedia to maintain or promote the growth or pielifcration of cells. The 
terms "component "nutrient" and "inercdient" can he uKed Interchangeably and are all meant to 
lefcr to.such compounds. Typical ingredients that are used in cell culture media Include amino acids, 
salts, mctak. sugars, lipids, nucleic acids, hormones, vitamins, fatty acids, proteins and the like' 
Other higrediems that promote or maintain culUvation of cells ex vivo can be .selected by those of 
skill in the art, in accordance with the particular need. 

The term "non-animal derived," "non-animal ingredient." or "derived from non-animal 
souiccs" refers to the origm of the compound, molecule, peptide, lipid, fatty acid. etc. of interest. 
Such non-animal sources may include chemical synthesis or syntheUc prcpamtions or isolation. 
prepamUon or purification of the compound, molecule, peptide, lipid, fatty acid. etc. of interest from 
bacteria, yeasu fungi, and plants. 

A cell culture medium is composed of a number of ingredients and th««s ingredients vary 
bom one culture medium to another. A "IX formulation" refers to any aqueou., solution that 
contains some or all ingredienis found in a cell culnire medium at working concentrations. The "IX 
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foniiulaUon" can refer to, for example, the cell culture medium or to any subgroup of ingredients for 
ftai medium. The concentration of an ingredient in a IX solution is about the same the conccn- 
inilion of that infircdient found in a cell culture fomiulation used for maintaining or cultivating cells 
in vitro. A cell culture medium used for the in vitro cultivation of cells is a IX fomiulation by 
definition. When u number of ingredients are pnacnt. each ingredient in a IX fomiulation has a 
concentration about equal to Uiu concentrdtion of tiiose ingredients In a cell culture medium. Fot 
example, RPMl'1640 culmrc medium contains, among other ingredients, 0.2 gfL L-aiginine, 0.05 
g/L Lrasparagine, and 0.02 g/L L-aspartic acid. A **1X fipnmiladon- of these amino acids contains 
about the same eonceriirations of these ingnsdients m solution. Thus, when referring to a "IX 
formularion " it is intended that each ingredient in solution has the same or about the same 
concentration as that found in the cell culture modium being described. The concenurations of 
ingredients in a IX formulation of cell culture medium are well known to those of ordinary skill in 
the art. See Allen R. Uss, Methods For Preparation of Media, Supplements and Substrata For 
Serum-Free Aninial Cell Culture, N.Y, (1984), which is incorporated herein by reference in its 
entirety, llic osmolarily und/or pH, however, may differ in a IX formulation compared to the 
culture medium, poniculurly when fewer ingr^cnts are contained in the IX formulation. 

A **10X formulation" refers to a solution wherein each ingredient in that solution is about 10 
times more concentrated than the same ingredient in the cell culmre medium. For example, a lOX 
fonnulation of RPMT-1640 culture medium may contain, among other ingredients, 2.0 g/L L- 
argmine. 0.5 g/L L-aspardginc, and 0.2 g/L Lraspartic acid (compare IX formulation, above). A 
**10X formulation" may contain a number of additional ingredients at a concentration about 10 times 
that found in the IX culture medium. As will be readily apparent, *'20X formulation," **2SX 
formulation" ••SOX formulation" and "lOOX formulation" designate soUitions dial contain 
ingredients at about 20-, 25-, 50- or 100- fold concentrations, respectively, as comparxui to a IX cell 
culture medium. Again, the osmolarity and pH of the media fonnulation and concentrated solution 
may vary. 

Formulation of Culture Media 
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Basal Media 

Thes cell culture media of the present invention are uqueous-based and comprise a number of 
ingredients in a solution of dciontzcd, distiUed water to fonn a "basal media." Any basul medium 
can be used in accordance with the present invention. The basal media of the present invention may 

S . include tlic following ingredients: amino acids, vitamins, oiganic and/or inorganic salu. trace 
elemcnis, buffering Kalts and sugars. PiefcraWy, the basal media of the invention comprise one or 
more amino acids, one or more vitamtas, one or more inorganic salts, adenine sulfate, ATP, one or 
mure trace elements, deoxyribose, ethanolamine, D^glucosc, glutathione, N-[2.hydroxycthylI- 
piperazine-NH2-cthancsulfonic acid] (HEPES) or one or more other zwitlerion buffers, 

10 hypoxanthinc, linoleic acid, lippic acid, insulin, phenol led, phosphoethanolammc, putrescine. 
sodium pyruvate, thymidine, uracil and xanthine. Each of these ingredients may be obudned 
conmicrciaJly, for example from Sigma (Samt i^uis, Missouri). 

Amino acid ingredients which may bo included in the media of the present invenlion include 
I^alanine, L-arginine, l^-asparagine, L-aspanIc acid, l^ystine, L-cystcinc, I^glutamic acid, 

15 L^gluiamine, glycine. L-histidinc, Lpisolcucine, Heucinc, Mysinc, L-mcthionine, L-phenylalanine, 
L-proline, I^serinc, L-thrconine, I>-iryptophiin, l^tyrosinc and L-vaiinc. These amino acids may be 
obtained commercially, for example from Sigma (Saint Louis, Missouri), 

Vitamin ingredients wliich may be included in the media of the present invention include 
ascorbic acid magnesium salt, biolin, dioline chloride, D-Ca^-paniothenate, folic acid, Mnosliol, 

20 menadione, niacinamide, nicoUnic acid, paraarainobenzoic acid (PABA), pyridoxal, pyridoxinc, 
riboflavin. thiamine-HCl, vitamin A acetate, vitamin and vitamin Dj. These vitamins may be 
obtained commercially, for example from Sigma (Saint Louis, Missouri). 

Inorganic salt ingredients which may be used in the media of the present invenUun include 
CaCli; KCl, MgCl2, MgS04, NaCl, NaHCOj. NazHP04, NaH2P04-HzO and ferric citrate chelate or 

23 ferrous sulfate chelate. These inorganic salts may be obt^ed commercially, for example from 
Sigma (Saint Louis, Missouri). 

Trace elements which may be used in tlie media of the present invention include ions of 
barium, bromium, cobalt, iodine, manganese, chromium, copper, nickel, selenium, vanadiimi, 
titanium, gennanium, molybdcnmn, silicon, iron, fluorine, silver, rubidium, tin, zirconium. 

30 cadnoium, zinc and aluminum. These ions may be provided, for example, in trace element salts such 
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as.Ba(C2H3C)2)2. KBr, CoClrOTjO, KT. MnCMHjO, Cr(S04).vl5H20. CUSO4 5H2O, NiS04.6H20, 
HaSeOa. NaVOa. TiCU. OcOa, (NH4)6M07O24-4H2O, Na2Si03-9H20. FtS04-7H20. NaF. AgNOa, 
RbCl, SnQz, ZrOClrSHzO, CdS04-8H20, ZttS04-7H20, Fc(N03)r9H2O. AlClreHzO. 

The specific combinations of the above ingredients, their concentration ranges and preferred 

i concentrations; in the b&sal media are shown in Table i. 

CylokincK which nmy bts iLsed in Uiu media of Uie present invention include growth factors 
such as epidennal growth factor (EOF), acidic fibroblast growth factor (nFOF), basic fibroblast 
growth factor (bFOF), hcpatocytc growth factor (HGF). insulin-likc growth factor 1 (IGF-l). insulin- 
like growth factor 2 (lGP-2). kcratinocyte growth fectpr (KGF). nerve growth factor (NGF), platelet- 

ip derived jgrowlh factor (PDGF), transforming growth factor beta CTGF-p). vascular endothelial ccU 
growth factor (VKGiE^, transferrin, various intcrleukins (such as lL-1 through ILrlS). various colony- 
stimulating factors (such as gnmulocytc/macrophage colony-stimulating factor (OM-C!SF)), various 
interferons (such as IFN-y) and other cytokines having effects upon hematopoietic stem cells such as 
stem cell factor (SCF) and erythropoietin (Epo). These cytokines may be obtained commercially, for 
oxample from Ufe Technologies. Inc. (Rockville. Maryland) or R&D Systems (Minneapolis. 
Minucsoia), and inuy bo ciilitsr naiumJ t)r rucunibinanL Most preferably, for culture of a wide variety 
of mammalian cells, the basal media will conuiin EOF at a concentration of about 0.1-100 
nanpgrams/xniUililer, preferably about 1-10 nanograms/milliliter, and most preferably about 5-10^ 
nanograms per miiUliten Other cytokines, if used, may be added at concentrations that are 

20 determined empirically or as guided by the established cytokine art. 

Additional ingredients that may be included in the present media are insulin (especially as 
insulin*Zn**) and transfcrrm. These addhional ingredients, available commercially (for example, 
from Sigma, St. Louis, Missouri), may be fomiulated into the present media at the concentration 
ranges and preferred conceniralions shown in Table 1. An iron salt or chelate (eg., ferric citrate 
chelate or ferrous sulfate) can be u.sed in the present media as a substitute for transferrin. 
Additionally, recombinant insulin or zinc based salts (e.g., ZnCl etc.) may be substituted for animal- 
or human-derived insulin. 
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Table 1. Animal cell culture basal medium component conccutrations 



Component 


Component 
Ranges 


A Preferred 
Embodiment 
(mg/L) 


1\^Aet ¥T| mriii iijiil 

lYAw^ iTFeieiTea 




ubout* 


about: 


about: 


L^Altinine 




9 


8^ 


L-Arglninc'IiCI 




400 


390.0 


LrAsparagine 'HtO 




41 


41.01 


L/*Asp£irtic Acid 




13 


13.30 




0.1-250 


115 


114.67 


L-Cystemc-HCMiiO 


2-250 


24 


2439 


L««Olutamic Acid 


5-250 


M 


10.7.^ 


Glycine 


1-200 


8 


7 '5ft 


L-Hi3tidinoHCMhO 


5-250 


68 


68.29 


Lrlsolcucine 


5-500 


171 


171.34 ^ 


L*Leucinc 


25-350 


180 


180.44 


L-Lysinc-HC! 


25-500 


226 


225.62 


LrMctliionine 


5-200 


51 


50.62 


l^Phcnyiolonine 


5-250 


97 


96.79 . 


LrProlinc 


1-250 


40 


40.00 


L-Serine 


5-250 


SO 


50.44 


L-Threoninc 


10-300 


130 


130.43 


L-Tryptophan 


2-110 


25 


24.76 


L-Tyfositttt-2Nu*.2ItC 


5-400 


137 


137,16 


Ir- Valine 


5-400. 


137 


137.38 
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Tabic 1 (continued) 



Component 


Component Range 
(mg/I^) 


A Preferred 
Embodiment 
(mg/L) 


Most Preferred 
Embodiment 
(mg^) 


Other Components 






aiiouu 


AriPTiinf* Snlfntr* 


U.Ul*/3 


10 


10.0 


ATP 


fx fvii_r\ 1 


A t 


0.09 






0.S 


0.S0 


f7ftifi n r^f rr\f .TT^I 


1 in 
U.l-lU 


2 


1,90 




iOUUOUUU 


3900 


3902.4 


Glutathione 


0.(X)S-S.0 


1 


0.60 


iJEPES 


lOOO'SOOO 


1800 


1800.0 


Hypoxanthine-Na^ 


0.1-15 


2 


1.66 


1 Jnolcic Acid 


0.001-0.1 


0.04 


0.035 


Upoic Acid 


0.01-10 


0.08 


0.075 




0.5-50 


5 


5.00 


Phenol Red 


0.5-15 


4 


4.00 


Phosphoethanolamine 


0.1-10 


1 


1.20 


PutresciTic-2HCl 


0.0001-0.01 


0.004 


0.004 . 


Sodium Pyruvate 


10-300 


150 


150,0 


Thymidine 


0.05-25 


0.3 


0.28 


Uracil 


0.0^-10 


0.3 


0.30 


XanthincNa^ 


0.005-1 


0.03 


0.03 



-14- 



wo 99/57246 



PCTAJS99/09574 



Tabte 1 (continued) 



uomponeni 


Ranges 
(mg^) 


Embodiment 
(mg^^) 


Most Preferred 
Flntbodiment 


yitamin» 


abuut: 


about: 


about: 


Ascorbic Acid, Mg salt 


1-250 


50 


50.0 


Biotin 


0.01-1 


0.08 


0.075 


Choline Chloride 


1-150 


8 


8.00 


D-Ca'^-Paniotlicnatc 


0,05-10 


2 


2.00 


Folic Acid 


0.1-10 


Z 


0 AA 


i-Inositol 


1-75 


18 


18.00 


Menadione 


0.001-0.1 


0.01 


0.01 


Niacinamide 


0.1-5 


2 


2.00 


Nicotinic Acid 


0.01-25 


6.03 


0.025 


PABA 


0.001-0.1 


0.05 


0.05 


PyridoxalHCl 


0.001-5 


1 


1.00 


Pyridoxine'IICl 


0.005-10 


0.03 


0.025 


Riboflavin 


0.01-5 


0.2 


0.200 


ThiamineilCI 


0.1-5 


2 


2.00 


Vitamin A Acetate 


0.01-1.0 


0.1 


0.14 


Vitamin 1512 


0.0 1 -5 


0.5 


0.50 


Vitamin D2 


0.01-1 


0.1 


O.IO 
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Table 1 (continued) 



Comp<»ncnt 


Component 
Rnngcs 
(mfi/L) 


A Preferred 
tiiinboaiinent 


Most Preferred 
KmtKXliment 


■ ■ owe KilISiftSC&Bt0 


AhAUt! . 

aulf iftk* * 




alfOUi* 




U.UUUUUIXil "U.lKKI 1 


A AAAAQ 


A AAAAOC 

0*000085 




A AAAA1 A/\A1 

O.uOOO 1-0.001 


0.0006 


0.000564 




A /VWM A AAC 


0.00 1 


0.00122 




A AAAAl-A Al 


A AAO 


A AA*7A 




A AA/VM A An< 


A AAI 


A AA t 1 *S 

0.001 13 






A AAA'A 


A AAA'ft 1 

0.00031 




t\ A/WII A AA< 


A AAO 
0«OUZ 


A AAI 00 

O.OOloZ 












A AAA1 A C 


A 1 
IJ. 1 






A AAAAAI_A AA< 


A AAA** 

0.0003 


A AAAOtf 

0.00020 




A AAAAI -f\ AA<? 


A AAO 


A AAI C 


Ivor 


A AAAAAA1 A AAA t 


A AAAAiC 

O.OOOOo 


A AAAAC4£ 

0.000056 


KT 


0.000001-0,0002 


0.00009 


0.000085 




0.000001-0.001 


0.0001 


0.00014 


NaF 


0.00001-0.005 


0.002 


0.00197 


Na2Si03-9H20 


0.001-0.2 


O.I 


0.094 


NaVO? 


0.00001-0.001 


0.0006 


0.00056 


CNH4)6M07O2d-4H>O 


0.00001-0.01 


0.006 


0.0056 


NiS04-6H20 


0.000001-0.0001 


0.0001 


0.000094 


RbCI 


0.000001-0,001 


0.0007 


0.00066 


SnCIs 


0.000001-0.0001 


0.00002 


0.000024 


Tia4 


0.000001-0.001 


0.0005 


0.00047 


ZnS04-7H20 


0.0002-1.0 


0.2 


0.207 


ZrOar8H20 


O.OOOOt-0.01 


0.002 


0.0015 
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Table I (continued) 



Componcat 


ComDonent 
Ranges 


Btnbodimcnt 
(me/L) 


1\^rM;f f*T-r fni-nn if 

iviosi xTcierreci 
Embodiment 
^mg^lL) 


fooreantc Salts 


about: 


about: 


about: 


Caa2 


1-SOO 


120 


12000 


KCl 


1-500 


300 


320.00 


MrCI, 


1-SOO 


12s 


125.00 


MgS04 


10-500 


100 


98.0 


NaCl 


3000-9000 


6000 


.5700.0 




100-4000 


2200 


2200.0 


NS12HPO4 


1-500 


300 


299.75 


NaH2P04-H20 


10-750 


50 


47.00 


Ferric Citrate Chelate 


0.01-2 


1 


0.60 



Complete Media 

The above ingrcdicnte, when 2idmi>ied together in solution, form a "basal medium." Other 
basal media, however, can be cquiyalcntly used in accordance wiili ihe present invention. According 
to ihe invention, at least one peptide, extract, enzymatic digest or bydrolysate of a non-animal or a 
.S plant and particularly of a plant protein, and/or at least one non-animal-derivcd or plani-derived lipid 
und/or fatty acid, is added to the basal medium to fonnulate the complete culture media of the 
present invention. 

Plants suitable as sources of proteins, peptides, lipids and/or fatty acids in formulating the 
culture media of the present invention include, but arc not limited to, rice, soy, potato, com and aloe 
10 vera. Particularly preferred as a source of plant protein ij; rice. Tlic use of wheat as a source of 
plant-derived proteins is specifically excluded from the present invention, as extracts and peptide 
preparations from wheat have been shown to contain inhibitors of protein synthesis in animal cell 
systems (Coleman, W.H., and Roberts, W.K., Biochinu Biophys. Acta 696:239-244 (1982)) and to 
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induce toxic effects in certain mammalian cells, tissues and organi; in vitro and in vivo (Strober, W., 
a aL, Ann. Int. Med. «5:242-256 (1975); Aurrichio, S., et al. Pediatn Res. 22(6):7Q'3'707 (1987)), 
However, lipids and/or fatty acids from wheat are not excluded from the present invention* 

Non-animal or plant peptides for use in formulating the culture media of the present 
invention may be prepared by digesting non-animal or plant cxtracK with enzymes such as trypsin or 
chymulrypsin by methods Ihui are routine in the urt« AltcmuLivcly, pcpLiden in Lhu form of enzymatic 
digests or hydrolysates may be obtained commercially, for example fxom Quest Intemutlonal 
(Norwich, New York). Non-animal or plant peptides are added to the basal medium at a 
concentration of about 10-1000 mg/liter, preferably about 50*500 mg/litcr, and most preferably about 
0 100-200 mg/liler. 

In another preferred aspect^ ut least one non-animal or plant lipid and/or fatty acid may be 
added to prepare the media fonnnulaUonx of the present invention. Non-animal or planl 
lipids/fatty acids suitable for use in the present culture media may he obtained from any of the 
above-described plant sources and others that will be familiar to one of ordinary skill, and from 
bacteria, yeast and fungi, using methods of lipid/fatty acid isolation (for example, extraction, 
chromatography, particularly HPLC and the like) that arc well-known in the art. Alternatively, 
plant us well us non-animal Upids/fatty acids and complexes of lipids and/or fatty acids may be 
obtained commercially, for example from Matreya. inc. (Pleasant Gap, Pcmisylvania) or Sigma 
(%Sainl Louis, Missoiuri). Fatty ;icids (or combinations thereof) for use in the invention include 
to satunited and unsaturated fatty acids. Unsaturated fatty acids include monoenic acids, dienoic 
acids, and iiighcr fatty acids (e.g., tri, tetra, penia and hexaenoic acids, etc.). See generally, 
Ixhningcr, supra. Particularly preferred lipids/fatty acids for use in the present culture media 
include, but are not limited to, palmimt^?, slearalc, oleate, linoleute, linolenate, aracliidate, 
myristate, behenate. crucate, lignoceratc, caprylatc, caprate, lauratc and palmitolcate (or 
combinations thereoO- Additionally, plant-derived sterols, known as phytosterols, and fungi* and 
yeast-derived sterols, known as mycosterols, may be used as the lipid ingredient according to the 
present invention. Such non-animal derived sterols include, but are not limited to, brassicastcrol, 
campesierol, desmosterol, ergostcrol, fucosterol, lanosterol, stigmastonol (i^-sitbstcrol), sitosterol, 
stigmasterol and stigmasterol acetate, all of which arc commercially available, for example from 
30 Matreya, Inc. (Pleasant Gap, Pennsylvania) or Sigma (Saint Louis, Missouri). 
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10 



These lipids/faiiy acids may be add(»l individuaUy or as mixtures comprising iwo or ,uor« 
of the abovc-dcscribcd lipids/fatty acids, preferably in specific proportions as described in more 
detaU below. Picfcrably, uon-animal or plant lipids/fatty acids are added to a basal medium at 
concentrations of about 0.00001 to about 10.000 pfi/ml. more preferably about 0.0001 to about 
1000 ng/ml, and mcwt preferably ahaut0/)01 to about 100 pg/ml. 

Toficthcr, tlie basal medium including non-animal or plant^ictivcd peptides and/or non- 
animal or plant-derived lipidss/fntty oci(b formulate complete culture media accoiding to the prtsem 
invention. Tho.se complete media are suitable for use in the culture of a variety of animal cells, as 
described in more detail bdow. It may be preferable, however, to further euich the nutriticinal 
content of the complete media to suppoit faster growth and enhanced prodnction of blologleals by 
the cultured cells, and to provide a more suitable enviionmcnt for the culture of festldious animal 
cells. To accompUsh such enrichment, one or more additional nutrients derived from non-animal 
sources may bs added to the above^eseribed basal or complete media. 

In one enriched medium of the invention, the additional nutrienw added to the basal medium 
s or compleie medium may comprise extracts of yeast cells (hereinafter "yeast extntct" or "YE"), and 
mo.st preferably are ultrafiltered YB (hereinafter "yenst extract ultrafiltrate" or "YBU"). Such 
extracts may be prepared by methods generally known to those skiUcd in the art of bacteriological or 
animal cell culture medium formulation, or may be obtained commenrially. for example from Sigtna 
(Saint Louis, Missouri), Dirco (Norwood. Massachusetts) or Quest IntcmaUonal (Noiwich, New 
:0 York). YE or YEU are added to the basal or complete media described above at concentrations of 
about 10-8000 mg/litcr, preferably about 10-100 mg/Uter, and most preferably about 50-100 mg/liter. 
Alternatively, YE or YEU may be added to the basal media at these concentrations, in the absence 
of wheat-derived plant peptides, enzymatic digests or animal proteins and peptones, to formulate a 
suitable animal cell culrare medium according to the present invention. 
■s The mcdmm ingredients can be dls.<!Olved in a liquid carrier or maintained in dry fonn. If 

dissolved in a Uquid canier at the preferred concentrations shovwj m Tabic 1 (ic, a "iX 
fomauhition"). the pH of the medium should be adjusted to about 7.0-7.5. preferably about 7.1-7.4, 
and mo.« preferably about 7,1-7.3. The osmoiarity of the medium should also be adjuiited to about 
275-350 mOsm. preferably about 285-325 mOsm, and most prefei^Iy about 300-325 mOsm. The 
0 type of Uquid carrier and the method ased to dissolve the ingiedients into solution vary and can be 
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determined by one of ordinary skill in the art witli no more tiuu routine experimentation. Typically, 
the medium ingredients can be added in any order. 

Piefembly, the solationa comprising ingiedicnUi ore more concentrated than the concentration 
of the same ingredients in a tX media rorroulution. The ingredients can be 10-fold more 
concenlTcitcd (lOX formulation), 20-fold more concentrated (20X formulation), ZS-fold more 
concentrated (2SX formulation), SOfold more concentrated (SOX conccnuration), or 100-roid more 
concentrated (lOOX formulation). More highly cuncenlniied formulations can be made, provided 
that the ingredienLs remain soluble and stable. Sec U.$, Patent No. 5,474,931, wluch is directed to 
metliods of solubilizing cullurc media components at high concentrations. 
0 If the media ingredients are prepared as separate concentrated solutions, an appropriate 

(sufficient) amount of each concentrate is combined with a diluent to produce a IX medium 
formulutiun. Typically, the diluent used is water, but other solutions including aqueous buffers, 
aqueous saline solution, or other aqueous solutions may be used according to the invention. 

The culture media of the present invention are typically sterilized to prevent unwanted 
contamination. Sterilization may be accomplished, for example, by fUtradon through a low protein- 
blading mcmbmne filter of about O.l-l.O \m pore size (available commercially, for example, from 
Miiliporc, Bedford, Massachusetts) after admixing the concentrated ingredienUi to produce a sterile 
culture medium. Altemativciy, concentrated subgroups of ingredients may be fiiter^stcrilized and 
stored as sterile solutions. These sterile concentrates can then be mixed under aseptic conditions 
20 with tt sterile diluent to produce a concentrated IX sterile medium formulation. Autoetaving or other 
elevated temperature-bascd methods of sterilization are not favored, since many of the components 
of the present culture media arc heat labile and will be itieversibly degraded by temperatures such as 
those achieved during most heat sterilivatinn methods. 

The optimal concentration ranges for the basal mediiun ingredients are listed in Table 1. 
25 liicsc ingredients can be combined to form fhe basal animal cell culture medium which is then 
supplemented with cytokines, non-animal or plant peptides and optionally (but preferably) with YE. 
YfiU and/or one or more non-animal or plant Upids/fatty acids (or combinations thereoQ, to 
formulate tlic complete media of the present invention. As will be readily apparent to one of 
ordinary skill in the art, the concentration of a given ingtudicnt can be increased or decreased beyond 
30 the nmge disclosed and the effect of the increased or decreased concentration can be determined 
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using routine experimeatation. la a preferred embodiment, the concentrations of th«2 ingredients of 
the medium of the present invention ors the concentrations Jisied in the far right column of Table 1, 
siipplemented with cytokine.s» non-animal or plant peptides and YE, YEO and/or one or more non- 
mimal or plant lipids/fatty acids as described above. 
J As will be readily Apparent to one of ordinary skill in the art» each of the componenu of the 

culmrc medium may react witli one or more other components in the solution. Thus, ihe present 
invention cncompas«ss the ronnuladons disclosed in Table 1. supplemented as described above, as 
well as any reaction mixture which foims after these Ingredients are combined. 

The optimization of the present media formulations was carried out using approaches 
10 described by Ham (Ham, R.G.. Metlwdsfor Preparuthn of Media. Supplements and Substrata for 
Senm-Free Animal Culiure, Alan EL Liss, Inc., New York, pp. 3-21 (1984)) and Waymouth 
(WaymouUi, C, Methods for Preparation of Media. Supplements and Substrata for Serum-Free 
Animal Culture, Alan R. liss. Inc., New York, pp. 23-68 (1984)). The optimal final concentralions 
for medium ingrediento are typically identified cither by empirical studies, in single component 
iS utracion studies, or by interpretation of historical and current scientific literature. In single 
component Lilrulion studies, u.sing animal cells, the concentration of a single medium component is 
varied while all other constituents and variables arc kept constant and the effect of the single 
componenL on viability, growth or continued health of the animal cells is measured. 

The present invention also relates to methods for replacing or substituting animal-derived 
20 prtxiucts with non-animal or plant peptides, non-animal or plant lipids and/or fatty acids, and/or 
enzymatic digests or extracts of yeast cells (or combinations thereoO- Such non-animal-» plant- 
and/or ycast-derivcd nutrients may be subsdmted for any number of animal-derived culture medium 
components or substituente, including but not limited to blood-dcrivcd produce, tissue/organ/gland 
cxuacis, animal-derived fatly acids and lipids, sterols, and lipoproteins. Preferably, blood-derived 
25 t)roducts and ttesue/organ extracts are substituted in the culmrc media of the invention using one or 
more of the above-described non-animal or plant-derived peptides, while animal-derived fatty 
adds/liplds, sterols and lipoproteins, ate prefierably substituted with one or more of the above- 
described non-animal or plant-derived lipids/fatty acids. Typical blood-derived products that may be 
replaced in accordance with this aspect of the invention include but are not limited to serum (e.^-, 
10 fetal bovine serum and calf serum, human scrum, etc,), pla<sma, albumin (<?./»•, bovine semm albumin 
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or human .^^tsrutn albumin), antibodiej;, fibrinogen, factor VIU, etc. Typical tissuc/organ/gland 
extracts that may be replaced in accordance with this aspect of the invention include but are not 
limited to bovine pituitary extract (8PE), bovine brain cxuraci. chicken embryo extract and bovine 
embryo extract. In accordance with the invention, any animal-derived fatty acid or lipid, including 
saturated and unsaturated fatly acids/lipids that are well-known in the art, may be xcplaccd with one 
or more of the above-described non-animal or plant^rived lipids/falty acid<;. Additionally, animal- 
derived sterols (eg., cholesterol) and lipoproteins (e.g., high- and low-density lipoproteins (HDLs 
and LDLs, respectively)) may be replaced wilh one or more of the above-described non-animal or 
plant-deiivcd lipids/fatty acids in accordance with the invention. Other animal-derived medium 
componente which may be replaced by one or more non-animal or plant-derived nutrients in 
accordance witli the invendon can be easily determined by one of ordinary skill In the art by 
substituting one or more non-animal or plant lipids/fatty acids, non-animal or plant pepddes and/or 
exlracts/digesLs of yeast (or combinations thereof) and testing the effect of such substitution on cell 
growdi by methods that will be familiar to the ordinarily skilled anl.<%an (such a.v those methods 
described in the examples below). 

The present invention further relates to a kit for replacing one or more animal-derived 
ingrcdienLs in u cell culture medium, wlicicin the kit comprises one or more non-animai or plant 
derived peptides and/or one or more non-animal or plant-derived lipids or fatty acids or 
combinations thereof. 

Use of Culture Media 

Cells which can be cultivated in tlic medium of the present invention arc those of animal 
origin, including but not limited to cells obtained from mammals, birds (avian), insects or fish. 
Mammalian cells particularly suitable fur cuUivation in the present media include those of human 
origin, which may be primary cells derived from a tissue sample, diploid cell sUiiins, transformed 
cells or established cell lines (e.g., HeLa), each of which may optionally be diseased or genetically 
altered. Other manamalian cells, such as hybridomas, CJIO ecUs, COS cells. VERO cells. IleLa 
ocUs. 293 cells, PER-C6 cells, K562 cells, MOLT^ cells. Ml cells, NS-1 ceUs. COS-7 cells, MDBK 
cells. MDCK cells, MRC-5 cells, WT-38 cells, WEIU cells, SP2/0 cells, BHK cells (including BHK- 
21 cells) and derivatives thereof, are also suitable for cultivation in the present media. In particular, 
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Stem cells and cells used in in vUro virus producUca, may be cultivated in the media of the ^r^^, 
invention. Insect cells particularly suitable for cultivation in Uie pn»ent media include those derived 
from Spodoptcra species ie.g„ SJ9 or SfiJ, derived fix>m Spodopteru fiufiipcrda) or Trichoplusa 
■species ie.g.. fUGH FIVEtm or MGl. derived ftom TrU^plusa «0. Tissues, organs, organ systems 
and organisms derived from animals or coasttucted In vitro ot in vivo using methods routine in the 
an may similarly be cuitivatcd in the culture media of the present invention. 

Isotation of Cells 

Animal ccUs for culiuring by the present invention may be obtained commetciaUy, for 
example froni ATCC (Rockville. Maiyiand). Cell Systems. Inc. (Kirkland. Washington) or 
Invitxogcn Conwrntion (San Diego. California). Alternatively, cells may be isolated directiy from 
samples of animal tissue obtained via biopsy, autopsy, donation or other surgical or medical 
procedure. 

Tissue should be handled using standard sterile technique and a laminar flow safety cabinet. 
In the use iuid processing of all human tissue, the recommendations of the II.S. Department of Healdi 
and Human Services/Cciucrs for Di.sea.se ConUul and Prevention .should be foUowed (Biosafety in 
Microbiolofilcal and Biomedical Laboratories. Richmond. J.Y. et ai, Eds.. U.S. Government 
Printing Office, Washington. D.C. 3rd Edition (1993)). The tissue should be cut into small pieces^ 
(e.g.. 0.5 X 0.5 cm) using sterile .suigical instraments. The small pieces should be wa.shed twice with 
sterile saline solution .supplemented witii antibiotics a.<s above, and tiicn may be optionally treated 
witi, an enzymatic .solution,(«.^., collagenase or iiyp.sin solutions, each available cummcrcially, for 
exaniplc, from Life Technologies. Inc.. Rockville. Maryland) to promote dissociation of ceils from 
the tissue matrix. 

The mixture of dissociated cells and matrix molecules are washed twice with a suitable 
physiological saline or tissue culture medium (e./».. Dulbccco's Phosphate Buffered Saline without 
calcium and magnesium). Between washas. Uie cells arc cemrifugod (e.^., at 200 x g) and tiien lo- 
suspcnded in serura-fiee tissue cultum medium. AliquoLs are counted using an electronic cell 
counter (such as a Coulter Counter). Alternatively, the cells can be counted manually using a 
hcmocytometer. 
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Plating of CeUs 

The isolated cells can be plated according to the cxpcrimcnial conditions determined by tlie 
investigator. The examples below dcmonsiTaie at least one functional set of culture conditions useful 
for cuUivation of certain maminaliun cells. It is to be understood^ however, that the optimal plating 
C and culture conditions for a given animal coll type con be determined by one of ordinary skill in the 
ait using only routine experimentation. For routine culture conditions, using the present invention, 
cells can be plaled onto the surface of culture vessels witliout attachment factors. Alternatively, the 
vessels can be pre-coated with natural, recombinant or synthetic attachment factors or peptide 
fragments (c.^.. collagen or nbronectin, or natural or synthetic fragments thereof). iKolated cells can 
10 also be seeded into or onto a natural or synthetic three-dimensional support matrix such as a 
preformed collagen gel or a synthetic biopolymetic material, or onto feeder layciv of cells. Use of 
nttnchment factors or a support matrix with the medium of the present invention will enhance 
cultivation of many attachment-dependent cells in the absence of serum supplementation. 

The cell seeding densitias for each experimental condition can be optimized for tlie specinc 
i5 culture conditions being used. For routine culture in plastic culture ves.sels, an initial seeding density 
of 0.1 -1.0 X 10' cells per cm* or about 1.5X the platmg concetitration routinely used for the .same 
ccll5i in serum supplemented media is prefemhle. 

Mammalian cells arc typically cullivaled in a cell incubator at about 37*'C, while the optimal 
temperatures for cultivation of aviaui, nematode and insect cells are typically somewhat lower and arc 
20 well-known to those of ordinary skill in the art. The incubator atmosphere should be humidified for 
cultivation of animal cells, and should contain about 3-10% carbon dioxide in air. Culture medium 
pH .<;hould be in the range of about 7.1-7.6, preferably about 7.1-7.4, and most preferably about 7.1- 
7,3. 

CellK in closed or batch culture should undergo complete medium exchange replacing 
2$ spent media with fresh media) about every 2-3 days, witli more or less frequently as required by the 
specific ceil type. Cells in perfusion culture (eg., in bioreacionj or fermentcrs) will receive fresh 
media on a continuously re<circulating basis. 
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Ceil CuUure Compositions 

llic cell culuire media of the present invention may also be used to produce cell culture 
compositions comprising the present media and one or more animal cells. Animal cells preferably 
used in such compositions include, but are not limited to» cells obtained from manunnbs, biids 
S (avian), insects or fLsh. Manunaiian cells particularly suitable for use in such compositioxis incbxde 
those of human origin, which may be primary cells derived finom a tissue sample, diploid coll sttains, 
transfonucd cells or established cell lines (e./^., HeLa), each of which may optionnliy be diseased or 
genetically altered. Other mammalian cells, such as hybridomus. CHO cells, COS cells, VBRO cells, 
HcLu ceUs, 2S)3 cells, PER-C6 cells. KS62 ccUs, MOLT-4 cells. Ml cells, NS-1 cells, COS-7 colb;, 
10 MDBK cells, MDCK cells. MRC-5 cells, WT-38 cells, SP2/0 ccUs, BHK cells (including BHK-21 
cells) and derivatives thereof, are also suitable for ase in forming the cell culture compositions of the 
present invention. Insect cells particularly suitable for use in forming such compositions include 
those derived from Spodoptera species (e.^„ SJ9 or SJ21^ derived from Spcnlvptcra fmgiperda) or 
Trichoplusa species (<?,j?., HIGH FIVE"* or MGl, derived from Trichoplusa ni). Tissiies, organs, 
15 organ systems and organisms derived from animals or constnxcted in vitm or in vivo using methods 
routine in the tiri muy similarly be used to furm the cell culture composition.s of the present 
invention. These cell culture compositions may he tised in a vsoiety of medical (including diagnostic 
and therapeutic), industrial, forensic and research applications requiring leady-to-tLse cultures of 
* aiiimal cells in scnim-free media. 
20 It will be readily apparent to one of ordinary skill in the relevant arts that other suitable 

modiQuations and adaptations to the methods and applications described herein are obvious and may 
be made without departing from the scope of the invention or any embodiment thcteof. Having now 
described the present inventinn in detail, the same will be more clearly understood by reference to 
the following examples, which are included herewith for purposes of illustration only and are not 
25 intended to be limiting of the invention. 

EXAMPLBS 

Materials and Methods 
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In each of the following ejtamplcs, the following materials and methods were generally used: 
VRRO cuUutes (ATCC) were plated in 25 cm* cell cuUuic flasks in duplicate in each medium 
at about 2.5 x 10* cells per flask in 5 ml of medium. No attachment factors or coating of the plastic 
suifacc are required for the culture of VERO cells. At 3 to 4 days the cells were removed using 
standard cell culture techniques- The surface of the culture was firxt washed with Dulbecco's 
Phospluius Buffenad Saline (OPBS) and then 1.0 ml Tcypsin-EDTA (Ufc Technologies, Ihc^ 
Rockville, Maryland) was added. The digest was allowed to sit on the cell surface for 3 to 5 minutes 
or until the cells rounded up and began to detach from the surface of the flask. ITie cells were 
completely detached by vigorous agitation against die palm of the hand and then 1.5 ml of soybean 
trypsin inhibitor was added to quickly neutralize enzymatic activity. The cells were counted under 
the microscope using trypan blue straining solution and new cultures plated at 2.5 x 10* ccdLs per 25. 
cm* flask. Incubation was at 37**C in 5% CO, in air. The cultures were passaged for a coud of 4 
subcultures and the mean cells per subculture determined from the counts of the final 3 subcultures 
(P2 + P3 + P4 + 3). 

Example 1: Formulation of Basal Cell Culture Medium 

A 20 liter volume of distilled, deionizcd water (hereinafter "ddHiO") was obtained and a 
suftlcient volume (about 200-300 ml) of 5N HCl was added to decrease the pH of the water to about 
0.80, To this water were added the trace elements (rrom lOOOx stock), L-alaninc (0.22 g). \^ 
arginino-HCl (9.75 g), Lrasparagine'IICl (1.02 g), L-aspartic acid (0.332 g), L-cysicinc.HCI-H20 
(0.610 g), l^cystine-HCl (2.87 g), glycine (0.188 g). l^glutamic acid (0.268 g). I^histidine-HCI HaO 
(1.707 g), T^iKolcucine (4284 g), l^leucine (4^11 g), L-lysine-HCl (5.640 g). LrrtieOiionine (1.266 
g), I>phenylalaninc (2.420 g). I^pmline (1,00 g), L-serine (1.261 g). L-din?onioe (3.260 g), 
iryptophan (0.619 g). L-tyrosine^isodium salt (3.429 g), L-valine (3.434 g), thymidine (0.0070 g), 
glutathione (O.OlS g). pyridoxal HCl (0.02S g). pyridoxine HCl (0.00062 g). thiaminc IICl (0-05 g). 
MgS04 (2.45 g) and ferric ciuraie chelate (0.015 g). The solution wa<; gently mixed by magnetic 
sttiring for about 15 minutes. The pH of the solution was tiien adjusted to about 5.50 by adding a 
sufficient volume (about 20-25 ud) of 5N NaOH. 
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NaHiPOn (7.494 g), Nh^HPOa (1.175 g) and ascorbic acid Mg salt (1.25 g) were added and 
the solution was agdn gently mixed for about 15 minutes. The pH was then adjusted to about 6,5 
withSNNaOH. 

ATP (0.025 g), uracil (0.0075 g). PABA (0.0012 g). D-Ca^-pantothcnatc (0.05 g), riboflavin 
5 (0.005 g). NaCl (142.50 g), CaQa (3.00 g). MgCli (3J25 g) and EQF (0.0002S g) were then added. 
The ssolution was again gently mixed for about IS minule^s, during which limtt a 20 ml volume of 
absolute ethanol was obtained, to which were added vitamin A acetate (0.003S g), vitamin D2 
(0«0Q2S g), menadione (0.00025 g). lipoic acid (0.0019 g) and linoleic acid (0.00088 g). After 
allowing the compounds to dissolve in the ethanoU the ethanol solution wa.^ added to the 20 liter 
10. medimn solution from above, and the medium solution was gently mixed for about 5 niinuie,^;. 

Biotin (0.0019 g), folic acid (0.05 g). hypoxanthinc-Na (0.0415 g), xanthincNa (0.0075 g) 
and insulin-Zn** (0.125 g) were added to a 20 ml volume of ddHjO. After allowing the compounds 
to dissolve in the water, this water solution was added to the 20 liter medium solution from above, 
and the medium solution was gently mixed for about 5 minutes. 
15 The pH of the solution wa<4 then adjusted with 5N HCl or 5N NaOH to about 7.i5±0.50. To 

this solution were then added adenine sulfate (0.25 g), D-glucosc (97.56 g). cliolinc chloride (0.20 g), 
Mnositol (0.45 g), nicotinic acid (0.00062 g), niacinamide (0.05 g). sodium pyruvate (3.75 g), 2- 
deoxyrihose (0.0 J 25 g), KCl (8.0 g), putrcscinc-ZHCl (0.0015 g), phosphocthanolaminc (0.03 g). 
vitamin B12 (0.0125 g), HEPES (45.0 g), NaHCO, (55.0 g) and phenol rod (0.10 g). 
20 This solution was gently mixed Tor about 10-15 minutes, the pH was then adjusted with 5N 

HCl or 5N NaOH to about 7.20±0. 10, and ddH20 was added to bring the final volume of the solution 
up to 25,0 liters. The osmolarity of the solution was detcmiined to be about 310±10 mOsm. This 
basal medium formulation was then filtered through a low protein-binding filter cartridge and stored 
at 4''C in conditions of diminished light until use. 

25 Example 2: Plant Peptide Screen 

Initial studies were designed to formulate a cultiuc medium completely devoid of animal 
ptbtcms that supports the culture of animal cells. To this end, cnzymaiic hydrolysates of a variety of 
non-smimul sources were examined as supplements in the basal medium described in Example 1. 
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Hydrolysaies of wheat gluten (HYPEP 4301 U designated below as "Wheat Hydrolysaie V\ mti 
ilYPHP 8382, designated below ai; "Wheat Hydrolysatc 2"), soy (HY-SOY) and rice (HYPEP 51 IS), 
as well as aa extract of baker's yeusl (HY-YEST 444) were obloined from Quest Intcmatioaal 
(Nocwich, New York) and were formulated into the basal medium of Example 1 at 200 mgfliter. 

\ VERO cells were cultured in the various medium formulations, and ccU coimts detennined,. as 
described abovc« and were compared to those obtained in basal medium that was unsupplemenled 
(negative control) or supplemented with 500 mgAitcr human scrum albumin (HS A; positive control). 
Results shown in Table 2 demonstrate mean cell count^per 25 cm^ Hask over 3 subcultures and 
relative growth efficiency (RGB) for eaeh or the medium formulations* RGB was calculated by 

! J dividing the mean cell count for a given medium formuladon by that for the HS A control. 



Table 2« Non-Anunal Peptide Screen 



Supplement 


Mean Cell 
Count, X 10^ 


KGE 


HSA 


44.9 


100 


Yeast Extract 


31.1 


69 


Wheat Hydrolysatc 1 


12.4 


28 


Wheat Hydrolysate 2 


12.4 


28 


Soy Hydrolysatis 


31.3 


70 


Rice Hydro lysate 


35.9 


80 



These results dcmonslratc that, of Ihc plant peptides Icslcd as supplements for the culture 
media, the hydrolysate of rice perfomitsd most optimally. While yeast and soy extracts alone 
supported cell growth to some extent, the rcsulu obtained with rice peptide supplementation were 
I5v slgnincanily higher than those obtained with either soy or yeast exU-acts, and were nearly three times 
higher than that For wheat extracts. Thus, rice hydrolysate is favored as a supplement in animal 
protein-free formulations of culture media suitable for the cultivation of animal cells. 

The poor performance of wheat hydrolysatc as a medium supplement for the culture of 
animal cells is not altogether surprising, in light of the results of previous studies demonstrating that 
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extracts of wheat gluten are toxic or induce toxic efrecis in certain cell types in vitro and In vivo 
(StfOber, W., et aL. Am. Int. Med. «ir:242-2S6 (1975); Auricchio, S., el aL^ Pediatn Rex. 22(6):703' 
707 (1987)) und can inhibit protein synthesis in cell £rce systems of animal cells (Coleman, W.H., 
and Roberts, W.K.» Biachinu Biapkys. Acta 696:239^244 (1982)). Accordingly, Che tise of wheat 
S peptides or hydrolysatcs is not appropriate Tor rormulalion oC animal cell ctiltiaie media according to 
the present invendon. 

Example 3: Titration of Rice Hydrofysate 

To more closely examine their efficacy as supplements for the present medio, tice 
hydrolysales were supplemented into basal media at differing concentrations. These media were 
then used to examine VERO cell growth as described above. Cell counts were compared to those 
obtained in basul medium that was unsupplemented (negative cantrnS) or to Earle*s Modified Eagle's 
Medium (EMEM) supplemented with 5% fetal bovine serum (FBS; positive control). Results shown 
in Table 3 demonstrate mean cell count and relative growth efficiency (RGK) for each of the medium 
formuluiiuns; RGE was calculated as described in Example 2. In this experiment, the control 
1 5 contained 5% fetal bovine .serum (FBS), which is commonly used to grow VERO cells but which is 
less; efficient in the medium than is HSA. 



Table 3. Titration of Rice Hydrolysatc 



Supplcmcot 


Mean Cell 
Coun^xlO' 


RGE 


5% FBS 


35.9 


100 


Rice, 100 mg/L 


39^ 


no 


Rice, 200 mg/L 


35.9 


100 


lUce, 300 mg/L 


39.2 


109 



Taken together, Ute results of tliis .<itudy demonstrdtc that the use of basal medium 



wo 99/57246 



PCTAJS99/09574 



supplemented with rice hydcolysate at conoentraUons us low as 100 mg/litcr suppon the growth of 
YfiRO cells ut ica5;t as well as the use of BMEM supplemented with 5% FBS. These results thus 
demonstrate that rice hydrolysate at concentrations of 100-300 mg/liler is an optimal supplement for 
use in formulating tlie animal cell culture media of the prej;eni invention. 

5 Example 4: TUrtUwn of Yeast B^act and Screening of Ad^onalPUtntPepUdts 

To examine additional sources of non*animal peptides and vitamins an aupplementn for the 
present media, extracts of yeast» soy and potato were obtained from Quest International (Norwich, 
New York) and were supplemented into basal media at differing concentrutions* Yeaj»t extract (YE) 
was also examined as a co-supplcmcm with rice hydrolysate. These media were then used to 
0 examine VERO cell growth as described above. Cell counts were compared to those obtained with 
EMEM supplemented with 5% FBS. Result whown in Table 4 demonstrate mean cell count and 
relative growth efficiency (RGB) for eauh of the medium formulations. RGB was calculated as 
described in Example 2. 
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Table 4. Titration of YE and Screening of Additional Plant Peptides 



Stippiement 


Count, X lO' 


RGE 


5% FBS 


31.0 


100 


Rice, lOOmg/L 


29.5 


95 


Rice, 200 mg/L 


30.8 


99 


Soy, 200 mg/L 


28.0 


90 


Potato, 200 mg/I- 


28.8 


93 


YE. lOOxng/L 


32.0 


103 


YE. 600 uig/L 


2fi.3 


8S 


YE, 6000 iiig/L 


5.5 


18 


Rice, 100 mg/L + YE, 100 mg/L 


33.2 


107 



These results demonstrate that supplementation of the basal medium of Example 1 with 100" 
mg/liter of YE, or witli 200 mg/liier of cither potato or soy cxtracLs, supports the growth of anunal 
cells approximately as well as the positive control medium supplemented with FBS. Higher 
concentrations of YE. however, were less optimal, and the highest concentration (6000 mg/liter) may 
actually have inhibited coll growth. Thus, YK, and hydrolysates of soy or potato, may he used as 
sources; of non-animal protein for formulation of the animal cell culture media of the present 
invention. 

Surprisingly, VERO ceil growth was even more enhanced when a combination of rice 
hydrolysate and YE was used, in fact, the combination of 100 mg/liter of rice hydrnlysatc and 100 
ntg/liier of YK perfonned as well as plant pcpddcs used at 200 mg/Uier, suggesting that enhanced 
growth may be observed with the specific combination of rice and YE. These findings indicate thai, 
while media comprising a single plant pcpUde or YE as a sole protein supplement arc sufficient to 
•support animal cell cultivation, the use of plant peptides and YE in combination in animal cell 
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culture media muy be particularly favorable* 

Example 5: Use of Yeasi Extract UUraftUraie 

To more closely examine the use of yeast extract as a supplement in the present media* 
preparations of YE or an ulcrafiltrate of YE C*Y£U") wcm supplemented into basal media in the 
5 presence or absence of 100 mg/liter of rice hydrolysate. These media were then used to examine 
VBRO cell growth as dcKcribed above. Cell counts were compart to those obtained in EMEM 
supplemented with 5% FBS (positive control). Results shown in Table S demonstmtc mean cell 
count and relative growth efficiency (RGE) for each of the medium formulation^;. RGB was 
calculated as described in Example 2. 
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Tables. Titration of YE and YEU 



Supplement 


Mean Cell 
Count, X 10* 


RGE 


-rice' 


4- rice* 


- rice 


+ iice 


5% FBS 


18.8 


nd 


100 


nd 


YE, 50 mg/L 


143 


13.5 


76 


72 


YE, inOmg/L 


16.1 


13.3 


86 


71 


YE, 200 rag/L 


14.7 


12.2 


78 


65 


YEU, SO ms/L 


13.9 


16.8 


74 


89 


YEU. 100 mg/L 


15.7 


16.5 


84 


88 


YEU. 200 mg/L 


13.2 


15.9 


70 


85 



' - rice" indicates medium not supplemented with 100 mg/I. rice hydralyKale. 
rice" indicates medium supplemented with 100 mg/L rice hydrolysatc. 



Tlie results of these studies indicate that YEU used as a supplemtsni promotes growth of 
animal cells ut all concentrations tested in the present media and significantly outperforms YR, 
suggesting that ultrafiltration of YE to yield YEU provides a more optimal supplement for the 
support of animal cell cultlvaaou. Furtliemiorc. ihexe results demonstrate that the corabimuion of 
5 YEU and rice hydrolysate as supplements in the present media is preferable over the iLse of YEU 
alone, since VERO cell growth was higher in the YEU/rice combination media for all concentrations 
of YEU tested. Finally, since the 50 mg/liler concenlmtion of YHU performed approximately as well 
as higher concentrations in rice-supplemented media, the combination of 100 mg/liter rice 
hydrolysate and 50 mg/litcr YEU appear to be particularly favorable for economic reasons in the 
formulation of animal protein-free cell culture media for the cultivation of animal cells. 
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Example 6: TUration ofrEGF 

To examine the effect of growth factor concentration on the performance of the culture 
media« recombinant human EGF was added to the basal media of Example 1 at various 
coneentrutions. Thc^ media were then used to CKaniine VERO cell growth as described above. QsU 
counts were compared to those obtahied in basal medium that was unsupplemented (negative 
control) or to EMEM supplemented with S% FBS (positive control). Results shown in Table 6 
demonstrate mean cell count and relative growth efficiency (RGB) for each of the EOF 
concentrations. RGB wa<s calculated as described in Example 2. 



Table 6. Titration of EGF 



Supplement 


Mean CeU 
Count, X Vf 


RGE 


None 


9.9 


42 


5% FBS 


23^ 


100 


EGF. 10 mg/L 


22.6 


96 


EOF, 5 mg/L 


11.9 


51 


EGF, 1 mg/L 


11.4 


49 


EGF. 0.5 mg/L 


8.0 


34 



These initial results, with a wide range of EGF concentrations, suggested that a concentraiion 
of to mg/liter of EGF in the present media is optimal for supporting ihts growth of animal cells. To 
more closely examine this effect, these experimenUi were repealed with a more narrow range of EGF 
concentrations. The results of these studies arc shown in Table 7. 
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Table 7. Titration of EGF 



Supplement 


Mean CcU 
v^ouniy A lu 


RCE 


5% FBS 


26.6 


100 


EGF, 10 mg/L 


J9.5 


73 


EGF, 9 mg/1- 


20.7 


78 


EGF. 8 mg/L 


2L0 


79 


EGF, 7 mg/L 


19.6 


74 


EGF, 6 mg/L 


19.3 


73 


EGP, 5 mg/L 


20.2 


76 



The discrepancy between Table<5 6 and 7 at the 5 itig/L concenimion of EOF prompied 
another titration. The results in this table represent the mean cells per 25 cm^ flask in duplicate over 
4 subcullures. 



Table 8. Titration of EGF 



EGF (mg/L) 


MeanCcU 
Count) X ICf 




0 


5.1 


100 


5 


7.0 


137 


6 


6.0 


118 


7 


7.1 


139 


8 


7.3 


143 


9 


7.4 


145 


10 


6.8 


133 



♦ as % of 0 mg/L control. 



For economic rca.sons 5 mg/L EGF wa<; cho.<;en for this embodiment. 

These results indicate ihai EGF at conccntrutions as low a.s 5 mg/l^ in the present culture 
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tncsdia will support tl»c growth of VERO cells. Concentrations lower than 5 mg/U. however, may be 
insurnciem in the pn»u:ni TonnulMions. 

Taken in combination, the results shown in Examples 1-6 indiente that on optimal eulhire 
medium formulaUon for supporting the cultivation of animai ceUs is the basal medium formulation 
shown in Tabic 1. .supplemented with EGF at 5-10 mgflitar. yea.si exitaci (preferably yeast extnict 
ultrafUtraic) at 50-100 mg/litcr. and at least one plant peptide (preferably rice peptides or 
hydtolysaie) at 100-200 mg/liter. 

Table 9 shows the use of the medium to grow BHK-21 ccUs in suspension on a shaker 
platform. In this experiment, 0.2% PLURONIC F68 was added to both the test medium and the 
EMEM PBS 5% control to reduce shear damage. Counte were made at 72, 96 and 120 hours. As 
can bu seen in Table 9 Uie lest niedimn perfumied m well as or better than the control. By 120 hts 
the viability began dropping much more rapidly in the control serum-supplemented medium as 
compared lo this preferred embodiment of the present invention. 



Table 9. Growth of BHK-21 Cells in Suspension In Shaker Flasks 



Time (hn) 


Viable cells/ml xlOC 
EMEM 5% FBS coatrol 


Preferred Embodiment of 
the Preset Invention 


0 


3.2 


3.2 


72 


7.1 


7.8 


96 


9.0 


10.4 


120 


3.7 


8.0 



Example 7: SupplementaHan of Media with Plant Lipids and Fatty Acids 



To determine whether the performance of the present culture media could be further 
enhanced using additional plant-derived nutrients, culture media made as described in Example 1, 
further containing rice pcpUdcs as described in Example 3 and one or moie plant-derived lipid or 
fatty acid formulations, were used lo culture VERO cells. Cells were plated in T-25 fla-sks into 
culture media that were not sjupplemenied with plant-derived lipids or fatty acids (control) or that 
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were supplemented with 5 ng/ml, 0.5 jig^ml or 0.05 yxefml of one of the following plant lipid or fatty 
acid mixes obtained from Matmya, Inc. (Pleasant Gap, Pennsylvania), having constituents present in 
the indicated percentages: 

RM-1: palxiutate (6.0%), stearate (3.0%), oleate (35.0%), linoleate (50.0%), linolenatc 
5 (3.0%), arachidate (3.0%) 

RM-2: palmitatc (7.0%), stearate (S.0%), oleate (18.0%), llnoloaLe (36.0%), linolenate 
(34.0%) 

RM-3: myrlstate (11.0%), palnutate (4.0%), siearale (3.0%), oleate (45,0%), linoleate 
(15.0%), linolenate (3.0%), arachidate (3,0%). behenate (3.0%), crucate (20.0%), 
10 lignocerute (3.0%) 

RM-S: caprylate (7.0%), capratc (5.0%), laurate (48.0%), myristatc (15.0%), palmitatc 
(7.0%), stearate (3.0%), oleate (12.0%), linoleate (3.07o) 

RM-6: myristatc (2.0%), palmiiaie (30.0%), palmitolcate (3.0%). stearate (14.0%), oleate 
(41 .0%), linoleate (7.0%), linolenatc (3.0%) 

15 Duplicate experiments wurc perfurmed, and viable cell counts per flask were determined in 

cultures at passages 1, 2 and 3 and expressed as a pereentage of cell counts in control media not 
supplemented witli plant lipids. Results arc shown in Table 10. 
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ThciJe results indicate thai .supplementation of culture media with plant-derived lipid/faity 
acid mixtures enhance:!; the growth of VERO cells when compared to control media not containing 
these lipid/fatty acid mixes. Use of most of the plant lipid/fatty acid mixtures at conceniniiions of 
0,05 to 5 |Lig/ml in the culture media induced a substantial increase in VERO cell growdi over three 
5 passages, with the RM-l mixture apparently providing the most significant Increases at each passage. 
Together with those from the foregoing Examples, these results indicate that cell culmns media 
comprising a combination of plant-derived nutrients, such as plant peptides and plant lipids or fasty 
acids, are useful in supporting cultivation and growth of marmnalian cclh;. 

Example 8: Effect of Plant Powder on Growth and IgG Production in Hybridoma P2F6 

a 250 mg of Plant Powder (aloe vera plant exiraci, Terry Laboratories, Florida) were added to I 

X 500 ml boule of 3TC Hybridoma SFM (12045-084, lot 1010746, Life Technologies, Maryland). 
The mixture was stirred for approximately 10 minutes and fdtered through a 0.2 MilUpore 
Durapore filter. All further dilutions were made from this 500 mg/L stock solution. 

The following conditions wens set up at 1 x 10^ viable celis/ml in T-75 flasks (15 ml 

5 volume): 

1) Uybridoma-SFM Control 

2) 500 mg/L Plant Powder 

3) 400 mg/L Plant Powder 

4) 300 mg/I- Plant Powder 

5) 200 mg/I. Plant Powder 

6) 100 mg/L Plant Powder 

The flasks were placed in a 37^C incubator in a humidified amiosphcns uf R% CO2 in air and 
subcultured every 2 to 3 days for 3 passages. For the fourth passage, replicate T-75 flasks were set 
up and samples were taken on days 3, 4 and 5 post planting for determination of total cell density, 
25 viable cell density and IgG expression. The samples that were used for IgG determination were 
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ceniriruged and the supcrnaianw stored at «20"C until asjuiyed. IgG levels were estimated by ELISA 
using one sample from each of the replicate sainple.<i. 

As shown in Figure I , the Plant Powder had a positive cffcel on viable cell density in a dose- 
dependent manner. Additionally, IgG oxpre<uiion was also improved by addition of the Plant Powder 
5 in a dose-dependent manner as .seen in Figure 2. Furthermore, 9^ jcccn. in Figure 3, the specifie 
productivity (fig IgG/lO^ total cells) was slightiy increased in tiic Plant Powder cultures, with the 
effect most pronounced on day 5 post planting. 

A dose-dcpondent effect on growth and productivity was observed in cultures supplcmunLed 
with tiie Plant Powder. The maximal effect was noted at 500 mg/L. 

0 Having now fully described the present invention in some detail by way of illustration and 

example for purposes of clarity of underi;uxnding, it will be obvious to one of ordinary skill in the art 
that the same can be performed by modiiying or changing the invention within a wide and equivalent 
range of conditions, fonuulation.s and other parameters without affecting (he <icopc of the invention 
or any specific embodiment thereof, and that such mtxliFicatlons or changes are intended to be 

5 encompassed within the scope of the appended claims. 

All publications, patcnu; and patent applications mentioned in this speeiftcation are indicative 
of the level of skill of thcise skilled in the art to which this invention pertains, and are herein' 
incorporated by reference to the same extent as if each individual publication, patent or patent 
applieation was specifically and individually indicated to be ineorpomted by refercnee. - 
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WIIATIS CLAIMED IS: 

i • A cell culture medium comprising at least one non-animal or plant-denved peptide, 
with the proviso tliat said pepUde is not derived from wheat, wherein said medium is capable of 
supporting the cultivation of on animal cell in vitro. 

2. A cell culture medium comprising at least one non-animal derived or plant-derived 
lipid or at least one non-animal or plant-derived tatty acid, wherein said medium is capable of 
supporting the cultivation of an suiimal cell in vitro. 

3. The cell culture medium of claim I, wherein said medium further comprises at least 
on© non-animal or plant-derived lipid or at least one non-animal or plant-derived fatty acid. 

4. The cell culture medium of claim 1, said medium further comprising at least one 
iDj^dicnt selected from the group of ingredients consisting of at least one amino acid, at least one 
vitamin, at least one inorganic salt, ut least one trace clement, at least one plant lipid or fatty acid, 
adenine sulfate, ATP, deoxyribosc, ethanolamine, D-glucose, glutathione, 
N.t2-hydroxyethyl]plpcray:ine-N'-l2-ethimesulfonic acid] (HHPlaS), hypoxanlhine, linoleic acid, 
lipoic acid, insulin, phenol red, phosphocthanolamine, putrescine, sodium pyruvate, thymidine, uracil 
and xanthine. 

5. The cell culture medium of claim 2, said medium further comprising at least one 
ingredient selected from tlic group of ingredients consisting of at least one amino acid, at least one 
vitamin, at least one inorganic salt, at least one trace element, at least one plant lipid or fatty acid, 
adenine sulfate, ATP, deoxyribosc, eihanolamine, O-glucosc, glutathione, 
N-[2-hydroxyclhylJpiperazinc-N'.[2-cihanesulfonic acidj fflBPES), hypoxanthine, linoleic acid, 
lipoic acid, insulin, phenol red, phosphocthanolamine, putiescine, sodium pyruvate, thymidine, umcii 
and xanthine. 
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6. A cell culture medium obtained by combining ai least one non-animal or plant- 
derived peptide togettier with an animal cell culture medium, with the proviso that said plant-derived 
peptide is nol derived from wheat, whercm said medium is capable of supporting the cultivation oF 
an animal cell in vitro. 

7. A cell culture medium obtaned by combining at least one non-animai or plant- 
derived lipid or at least ono non-animal or plaai-dcrivcd fatty acid cogether with an animal cell 
culture medium, wherein .said mcdiuna is enable of supporting the cultivation of an animal cell in 
vitro, 

8. The cell culture medium of claim 2, wherein said lipid or fatty acid 13 selected frem 
die group consisting of palmitate, stcoratc, olcatc, linolcate, linoienatc, arachidatc, myrisiatc, 
bchcnaie, erucate, iignoccrate, caprylatc, capratc, laurate and palmitoleatc, and combinations thereof. 

9. The ceU culture medium of claim 7, wherein said lipid or fatty acid is selected from 
the group consisting of pulmitate, stearatc, oleaic. linolcate, linolcnace, arachidatc, myristaie, 
behenate, erucaus, Hgnocerate, captylatc, caprale. laurate and palmiloleate, and combinations thereof. 

10. The cell culture medium of any une of claims 2 and 7, wherein said lipid is a sterol. 

11. The cell culture medium of claun 10, wherein said sterol Is selected from the group 
consisting of brassicasterol, campesterol, desmasierol, crgosterol, fucostcrol. lanosterol, 
sUgmasUmol, sitosterol, stigmasterol and stigmasterol acetate. 

12. The cell culture medium of claim 1, wherein said animal cell is selected frum the 
group of animal cells consusting of an insect ccll/an avian cell, a manmialian cell and a fish cell. 

13. The cell culuire medium of claim 2, wherein said animal ceU is selected from the 
group of animal cells consi.sting of an insect cell, an avian cell, a mammalian cell and a fish cell, 
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14. A method of cultivating an animal cell comprising the steps of 

(a) contacting said animal cell witti the cell culture medium of claim I ; and 

(b) cultivating said animal cell under conditions suitable to support cultivation of 
said animal cell. 



15. A method of cultivaiing an animal cell comprising the steps of 

(a) comacUng said animal cell with the ceil culture medium of claim 6; and 

(b) cultivating said animal cell under condidons suitable to support cultivation of 
said animal cell. 

16. A method of cultivaxing an animal cell comprising the steps of 

(a) contacting said animal cell with the cell culture medium of claim 2; and 

(b) cultivating said animal cell under conditions suitable to support cultivation of 
said animal cell. 



17- A mctliod of cultivating an animal cell comprising the steps of 

(a) conuicting said animal cell with the cell culttjre medium of claim 7; and 

(b) cultivating. said animal cell under conditions suitable to support cultivation of 
said animal cell. 

18. A composition comprising the cell culmrc medium of claim 1 and one or more animal 

cells. 



19. A composition comprising the cell culture medium of claim 6 and one or mottt animal 

cells. 

20. A composition comprising the cell culture medium of claim 2 and one or more animal 

cclLs. 
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21 . A composition comprising the cell culture nitsdium of claim 7 and one or more animal 

cells. 

22. A method of producing u cell culture medium in which at least one animal-derived 
componisnl ofKaid cell cuimic medium is replaced widi non-animal-derivcd components, comprising 
combining a basal cell culture medium which comprises no animal-derived components with at least 
one non-animal or plant-derived peptide, wherein each ingredient is present in an amount which 
supports tlic cuUivalion of an arumal cell in vitro. 

23. A method of producing a ceil culture medium in which at Icast.onu animal-derived 
component of said cell culture medium is replaced with non-unimal-dcrivcd components, comprising 
combining a basal cell culture medium which con^rises no animal-derived components with at least 
one nun-animal or plant-derived lipid or at least one non-animal or plant-derived fatty acid or a 
combination tlicreof* wherein each ingredient is present in an amount which supports the cuUivation 
of an animal cell in vitro. 

24. A cell culuire medium produced according to the method of claim 22. 

25. A cell culture medium produced according to the method of claim 23. 

26. A kit for replacing one or more animal-derived ingrcdicnij; in a ceil culture medium^ 
comprising at least one non-animal or plant^derivcd peptide, lipid, fatty acid, or combinations 
thereof. 

27. The cell culture medium of claim 1, wherein the non-animal or plant-derived peptide 
is derived from any one of bacteria, fungi, yeasi, rice, soy, potato, com and aloe vera. 

28. The cell culture medium of claim 2, wherein tlie non-anim<d or plant-derived lipid or 
fatty acid is derived from any one of bacteria, fungi, yeast, rice, .soy, potato, com and aloe vera. 
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